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The  bactoriil  lilfferentlal  diagjtoais  of  antiirax  by  tMM.no  of  a  new  specific 
teat  (The  string  of  pearls  teat  "Perlsohuur  test." ) 


By  J,  Jenson  ana  ii,  Klescwyar*  From  the  Hygiene  Institute  of  Gottingen  Univ. 
Special  printing  from  the  Lentralbiatt  fur  Baktariologie,  Paruaitenkundo, 
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The  differentiation  of  the  true  G.  anthiacis  from  the  anUiraooid  types  is, 
as  tho  pertinent  literature  shows,  not  always  possible  without  difficulties. 

Tiie  variability  of  B.  ant  hr  ac  is,  which  can  be  extended  to  nuny  of  its  "classic" 
properties,  already  became  obvious  in  .tobort  Koch's  laboratory.  Since  then, 
an  abundance  of  works  has  boen  published  which  on  one  hand  deal  with  this 
variability  and  on  the  other  hand  with  tho  properties  and  behavior  of  tho 
anthracoid  species  or  the  sc called  transitional  forms.  (See  the  detailed 
.literature  in  GTl.i  TSSr.tJ.  K«f.  1)  HoweVar^  for  tho  ;>*iTvy’<>i^e  of  the  extremely 
Important  pro b lea  of  transformation,  which  is  intimately  connected  with  these 
intermediate  ferns  (and  that  not  only  theoretically),  it  is  of  similarly 
decisive  significance  that  the  B  anthraoie  can  be  clearly  differentiated  from 
other  similar  spedes  of  bacilli  on  the  basis  of  its  unique  properties. 

It  is  true  that  anthrax  infections  in  humans  at  present  scarcely  exist 
in  Germany.  In  other  countries,  however,  as  a  few  figures  will  show,  they 
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1607  (94),  ItousNiaia  1179  (85)  **d  loan  1764  (40)  eases  (fatalities  in  paren- 


The  special  biologic*!  properties  of  the  anthrax  baoillus  jiu  its  spores, 
a*  mil  as  the  mnnsr  In  which  it  spreads,  offer  possibilities  enough  for  the 
occurrence  of  the  d±ss*s«  in  mm  and  animal  in  every  conceivable  locale,  iach 
effort  is  Justified,  thsreforo,  that  hat  the  ala  of  laproving  or  simplifying 
the  bacteriologic  diapwetie  of  anthrax  in  soma  direction,  including  efforts 
Bade  with  a  view  tv-  ntroJ  of  epidemics, 

however,  h«  who  tsakes  such  an  attempt  will  inciedlataly  bo  Toufronted  with 
thw  Question  of  just  what  should  be  referred  to.  ifter  all,  the  difficulties 
of  bactariologlc  differential  diagnosis  arise  out  of  the  fact  that  the  nuiaarous 
‘’oJLvesie*  properties  of  typical  2,  anthracic  are  not  oat  completely  in  every 
■  train  and  that  they  can  alao  b^  found  in  par  in  bacilli  resembling  am.  nr  ax. 

Xt  follows  that  attempts  toward  specificity  of  a  new  method  must  use  the 
"oJUssls"  methods,  notwithstanding  doubts  ascribed  to  them. 

Xn  order  to  build  on  as  sound  a  foundation  as  possible  we  have  examined 
50  anthrax  strains  ini  43  o&re  or  less  anthrax-like  strains  for  some  of  their 
noat  important  "classic1  properties.  We  wars  forced  to  f crags  nuaarous  other 
biwahaalsal  arid  »«nii£"dQ  types  of  tests  due  to  tha  relatively  high  number  of 
strains.  We  then  compared  the  new  method  diacuued  here  with  these  test  results. 
We  era  aware  of  the  fact,  that  errors  of  traditional  diagnostic  (even  if  r«- 
dnoed)  are  inherent  in  our  resulti. 

Principles  **ti  Method  of  the  string  of  Pearls  Test" 

Uur  test  la  principally  bo  1  on  the  faot  that  living  anthrax  bacilli  in 
paiddllin-ocntaining  culture  take  on  characteristic  forms ,  The  type  of  the 
various  forms  ia  strictly  dependent  on  the  concentration  of  penicillin. 
Especially  striking  is  the  formation  of  large  evenly  rounded  globules.  Since 
every  viable  bacillus  devslapa  Into  such  a  globule,  under  certain  conditions 
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(according  to  thu  growth  formation)  chain*  resembling  strings  of  pearls  ape 
formed,  'the  coiiditLona  for  the  creation  of  the  globular  fom  aol  the  string 
of  nrurla,  respucuively,  arei  1.  lUintenance  of  favorable  cojkiltionfi  for 
growth,  since  the  formation  is  an  expression  of  misguided  gr owth  and  should 
not  bu  cunfuueu  with  a welling  activities  (deference  3)*  and  a.  ..  specific 
range  of  penicillin  concentration:  between  0.3  and  0.05  I.n./cca.  with  higner 
concentrations  the  globules  are  relatively  sjaa.il  and  less  apparent}  with  lower 
ones  allipsol  is  or  cylindrical  shapes  are  formed  ins Load. 

The  vegetative  bacllle  therefore  ant  in  tills  respect  Just  like  the  germ¬ 
inating  anthrax  snores,  wuich  liave  proven  theaselvs3  in  our  laboratory  fo~  years 
in  connection  with  the  determination  of  penicillin  levels,  due  to  their  constant 
fona  change  coupled  vdth  otrict  dependency  on  concentration.  (.isf.  4.) 

c  have  already  previously  mentioned  th»t  out  of  numerous  tested  substances 
only  i>enioillin  causes  such  »  form  change  of  B.  anthrucis  (itef.  5.)  The  test 
at  Lund  aims  it  proving  that  only  B.  anthracic  reacts  in  the  described  fasidun 
to  these  effects. 

Tho  procedure  for  testing  a  questionable  type  of  bacillus  ie  as  follows t 
First  of  all  a  blood  agar  oultujre  is  established,  from  which  a  bouillon  tuba 
<e  injected  with  a  plentiful  sowing,  after  the  incubation  of  this  bouillon 
culture  for  thrso  hours  at  37°  one  loop  each  is  brought  to  three  agar  wafers; 
the  first  contains  0.5*  the  second  0.05  I.E./caa,,  the  third  is  free  of  peoi~ 
cililn.  Die  wafers  which  are  suitably  cut  from  penicillin  agar  plats*  with  a 
cork  drill  (1  os  disaster)  and  plaasd  on  slides,  should  not  be  thicker  than  S  net. 
as  far  as  that  is  practicable.  Tbs  wafers,  thu .  prepared,  are  ineubatsd  in  a 
moist  chamber  for  three  hours  at  37°.  after  this  time  the  fora  changes  that 
possibly  have  appeared  are  abe erred  nierosoopically  by  viewing  with  the  strong 
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dry  eystsa  or  with  oil  incursion.  The  more  or  lot*  lengthy  anthrax  chains  cn 
the  penicillin-containing  wafers  readable  strung-up  pearia,  and  tfrut  usually 
More  completely  so  at  0.U5  I.b.  (see  rig.  1  a)  than  at  tha  highar  concentration 
(see  fig  lb.)  On  fch*  thi.  1  wafer  which  contains  no  penicillin  and  thus  aiirvao 
ae  growth  control,  there  are  found  ojily  ills  and  on  the  average  lender  chalno 
of  bacilli  of  the  usu«l  shape,  else  aivi  arrange  «?nt  (see  Fig.  1  e.} 

In  this  fashion  laboratory  strains  can  be  tested,  aa  well  as  those  th\t 
are  isolated  frost  resitted  Material  or  from  the  patient  hiaaolf,  Of  course  one 
Could  also  Indues  the  te»b  Material  directly  on  the  agar  wafers  or  be  content 
with  its  prior  enrichment  in  bouillon  —  we  would  like  to  reccsaaend  tho  previouoly 
described  three-stay,*  B'sthod,  however,  because  it  la  oust  easily  suitable  to  the 
exposure  of  large  amounts  of  young,  quickly  growing  bacilli  to  the  effect  of 
penicillin.  Deiidew,  the  blood  plate  can  serve  at  the  saue  tias  for  further 
baoterlologlc  diagnostic,  in  the  event  B.  ar.thracls  are  not  Involved. 

However,  it  n*y  b<  useful,  especially  if  speed  Is  essential,  to  apply  the 
direst  Method  additionally;  for  if  it  is  successful,  depending  on  whether  or 
not  tha  number  of  transferred  gems  is  sufficient  for  observation,  then  the 


•It  is  mlrcuir  available  af«a»r  l  hours,  XT»  insit 


LSlwh  Srf  tho  blood  plate 


in  the  test  process  only  means  a  slight  delay,  however,  since  the  diagnosis 
can  always  be  nude  within  24  hours. 

If  anthr&ooid  types  or  other  graa  positive  sporefo rmers  resembling  B. 
anthraois  ar»  tested  in  the  same  auiner,  one  of  tha  following  three  reactions 
will  always  be  observed! 

1.  Uniformly  favorable,  undie turbsd  growth  on  all  three  plates,  oonae- 


quantly  r«>  reaction  to  penicillin. 

2.  Kore  or  less  strong  retardation  of  growth  without  or  with  o  light 


changu  in  form  it  both  penicillin  concentr  tions  ->r  only  the  higher  0:1* 

(aee  rig  d  b. ) 

3.  .'Jane  aa  2.,  out  with  fom  clung es,  w  icli  however  are  coup Lately 
different  from  antnrax  ahap-.tj  (ciub-BiUpei  jwcliiugj  "bulied-up"  growth) 

(rib.  ^  ‘0 

July  in  one  of  tli"  W}  .uitlirax-lik-.  strains  testeo  by  uo  din  we  find  forms 
i;ut  •  liat-uitly  resembl  .•  the  /'lobular  fom  oj  73.  unbliracia,  aim  that  only  during 
hasty  observation,  yet,  ao  rig.  3  i,  b  show,  those  can  bo  differentiated  un¬ 
equivocally. 

Since  :c  usvl  the  f-miliar  methods  in  tea  tin*;  the  ra-viaing  properties, 
their  deaoription  car.  bo  dispsnaeri  with. 

orjjJ.ii  a.m  .  rouertias  of  Tested  :nthr  oc  otralna  (bee  footnote  1) 

Our  total  of  50  anthrax  strains  emanates  from  16  different  lientwri  hygiene 
Insfitutea,  hhcthsr  or  not,  and  to  which  degree,  uoao  of  these  strains  have 
cocoon  ancestors  could  not  bo  established,  .side  from  the  labelii^  as  anthrax 
bacilli  and  the  usual  Laboratory  end  collection  numbers  anu  origin  data,  only 
twelve  showed  aduiliorul  recurks:  Two  *  train  a  were  dea5.  snxted  as  "dvirulcnt." 
five  an  "fully  virulent,"  four  as  "pathogenic  for  mice,"  and  one  as  "pathogenic 
for  nan." 

The  testing  of  these  50  strains  lad  the  following  result: 

1.  Colony  form  on  ag»r:  .11  typical  ("hadue*  head") 

Footnote  It  A  detailed  rendering  of  the  results  has  bean  decided  against,  in 
favor  of  overall  perspective,  as  well  as  discussion  of  variable  properties 
(for  Instance i  iji  capsulation  under  diver**  conditions}  influsuc*  of  animal 
passages,  etc.),  since  net  aspsots  did  not  result  in  tids  connection. 
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2.  Horphology  of  1. •dim'i.dual  L,  *111  *nd  their  -rrangea  rtt •  l11  typical. 

3.  Stains  ill  grut  positive. 
k-  Hotilityi  til  Motionless. 

5-  In  bouillons  Clear  with  sediment  4fl,  cloudy  2. 

6.  GsCtrth  in  gelatin  stab:  All  showed  typical  picture  of  th  ■  ‘'reversed  fir 
tree  and  liquefaction  after  11-26  days  at  22°. 

7.  Heeolyei*  cik  blood  agar:  ill  negative  after  24  hourB. 

8.  Splitting  of  dextrose  and  saccharose t  nil  positive. 

9 •  i-»i«egen lci.yi  Pathogenic  for  rsice  and  guinea  pises  34 
Pathogenic  only  for  slI cot  11 
.pathogenic  for  alee  and  guinea  pigss  5- 
10.  The rep  precipitation  after'  Ascoli  (eae  Footnote  l)s  *6  positive; 

13  doubtful |  11  net  stive. 

11«  "String,  of  pearls  test:*  ill  typical. 

Its*  tfjttttPlfcMto  tnrt  .  .'gqr*fr'irAt\fi  Strain^  of.  Baoim 

(dee  Footnote  1  on  page  5) 

Out  Ox  a  total  of  43  strains,  24  sorely  bore  oata  concerning  cite  suteriai 
free  which  they  had  bees  isolated,  they  were  not  sore  closely  identified. 

Nine  other  strains  were  identified  as  B,  enthreooides,  six  as  H»  eub tills,  two 
as  E,  syssidss  and  two  as  B.  utesentericue.  Ihe  testing  of  these  strains 
(pathogenicity  end  sugar  f  arisen  tail  on  were  not  tasted)  had  the  following  result : 
1.  Colony  fora  00  agari  nnthrer-like  27#  unlike  16. 

2*  Hsrr-hology  of  individual  bacilli  and  their  agrengeeent 1  Anthrax-like  27, 
unlike  16 • 

3*  Steini  AH  g ram  positive. 

Feotsotc  li  Preulpitatiag  anthrax  serum  "Behring." 


6 


4*  notilityi  hutionleas  10,  in  motion  33* 

5.  (Irovth  in  bouillons  >11  cloudy,  partly  vd-th  curiacs  fill*. 

6.  (rrvnrth  in  in. tin  stab:  >11  shajiss  unlike  anthrax,  iipuef action  between 
1  and  ‘j  cUya  34  strains;  no  linuofaetion  9* 

7.  iieaj.lyais  un  blood  agari  >fii  -r  24  hours  n»r>tiv«  7j  positive  3d. 

<3.  -splitting  oi  d'jJttrOBB  and  saccharose:  Not  tsstad. 

9.  »’  tlJvScnioity:  i.ot  tested. 

10.  fhar.-so  precipitation  after  ,sooli  (aeo  rootnote  1  page  6)  t  19  positive; 

2  doubtful;  22  negative. 

11.  "lit  liny  oi  paarla  to-'-.:"  .11  unlike  anthrax  (no  globules). 

Worth  osnlicning  At  this  tiiso  io  the  behavior  of  an  anthrax  mutant  which 
was  kindly  relinquished  tu  ua  by  I'ruf.  Tooeslk,  uni  which  was  nut  includod  in 
the  Above  record.  Jontrary  to  its  original  strain  it  does  not  produce  typical 
penicillin  foraa,  thua  acta  riag*.tivaly  in  the  "string  ol‘  pearls  teat." 

Ikmcemirv.  the  origiti  and  ths  osrolr-,,ic  aru  Lio«haaical  properties  of  the 
BUtajot  ass  the  diverse  publications  of  Toacsik  (deferences  6,  7,  ®.) 

Whil*  the  Original  strain,  in  our  experience*  n;  virulent  for  mice  and 
guinea  piga  and  bshavod  typiaally  in  every  respeut,  ths  soutane  is  apathogenic, 
aorpltO logically  atypical  and  noticeably  s>obil*  I 

Ths  negative  result  oi  th«  "string  of  pearls  tost"  with  the  autant  i»  of 
special  intaraat  becauae  we  ars  dealing  in  this  ease  with  twe  strains  which, 
wiile  thjy  ara  provably  closely  rel.ted,  nevertheless  are  so  basically  different 
ill  their  appearance  that  the  Mutant  could  ixjt  even  be  considered  -a  antiuM*- 
llt<«  without  knowledge  of  it-s  ord  gin.  Tfi  this  sasw  the  loss  of  *«v  r*l  typical 
proportlss  of  3.  anthracic  would  also  have  an  effect  on  the  re«ilt  of  the 
string  of  pearl  a  teat,  vhU*g  for  instance,  ths  sole  loss  of  viruisnos  sight 
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not  Affect  it  (:i*j  ths  strolns  that  lurn  reaiined  apathogento  in  epite  of 
bailfoid  animal  passages;  see  also  ClLiHiM  (hcf.  1.) 

j&fttigflw  ££jj££4to 

■Tint  tasting  of  V 1  -jithrax  strains  cuvisequantly  reveaie  i  Ltv.t  two  str^ina 
atyjuottUy  ill  txn:i.f Lo'i,  that  five  are  pathogeiiio  neitttor  for  .dec  nor  for 
guinea  plga,  asm  that,  eleven  betuvn  ragativtly  in  therao  precipitation.  llJe 
of  the  wsntieoec  eiovti  strains  thraa  reappear  uo ng  the  apathoj.rmic 

on,  af  ill  other  axoepfiotut  concern  only  o  10  property.  3  Inc  a  further  one  of 
the  euraiuw  deeigorteu  a*  avlrulenf  is  fuurxl  a-ajng  Uw  apathogeuio ,  wo  can 
Oubtt—  .  lee  as  fellows  regarding  tha  anthrax  strains!  Of  i>0  utrairus,  each  tested 
£©r  afevsn  pranartlei*,  (iKiMfidon  2j  pat.Uoo’/wit  C-lty  I]  .nroli  H)  anted 

atypical ly  relative  to  cue  test  method,  and  thraa  strains  ( ,»thogenlcity,  Ascoli) 
relative  to  two  t«U  on  a. 

\ seeing,  in.  view  of  the  origin  of  the  strains  l collective  strains  of 
bacteriological  ixa.titut.es)  mrwl  the  overwhalwing  Majority  of  typical  propo-ilae 
—  which  ehculo  la  justified  —  that  all  $0  strains  are  gaiuiinc  anthrax  strains, 
thin  this  test  result  points  to  two  Items  t 


A  » _ h  j  t 

AS  iMMW  W»IO 


2,  that  bactarJml  xnthrax  diagneetio  can  be  difficult  even  under  such 
favorable  slarti.ig  conditions. 

The  diignostlo  diffiouttiea,  however,  becoB-f  much  nore  eieariy  evident, 

if  one  similarly  consider*  the  other  »po reforming  type*  and  the  results  of 
their  testing,  iiuwever,  et  this  time  we  do  not  want  to  direct  our  attention 
to  the  typical  properties  of  t!«  various  t£r*if  but  only  on  those  properties  they 
stair*  tiih  D.  anthrwds.  For  in  the  similarity  lies  the  pro  bias  of  mutual 


dbaavj  xtlof). 
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.11  43  a*.r*l ’ is  »r«  ^.rJi  ositlvc  Like  Ui  anthrax  L-uiiluaj  27  of  thea 
r  :r-'M.b i e  it.  i,.  re  '«ru  ho  Uielr  Colony  i‘on  ,  loj^r  of  the  irvilviil’al 

bacilli  an*.«  their  .trr..,;*;.i-n*.  1  e.ai..’3.  fen  ^tr»lna  ire  ocllouJess  like  L. 

«uiti»r-cln;  llhi  hhe  « «ti.-r  eleven  <b  1:0..  i-;ubp  I.enoJysLs  wittd.ii  24  jjonra,  in*! 

30  liquefy  i/sixtiu,  without  oimwin,-  the  ty-.Lcal  ruwth  iornatLon,  however « 
-ikewljo,  <f  ■  ■  ,'reci  >lt  ;ti 17  3:.r»iii3  w!,  M  .  •  I  . 

It  followa,  without  conuiUoi'iiu'.  the  qr-.a-L  post  i.i.v  tty,  th»t  n  i.seruua  atraine 
coli'iiuu  with  tho  iy.oic.il  antiu'AX  bacillus  in  on-  --r-i'.  properties.  Hist  io, 
four  strain*  h*vs  one  each,  23  atraiiu  two  xacii..  )  strains  thre  *  e*oh,  anx 
cno  strain  four  properties  I"'  ooxcaou  wlta  it.  V,j  he  inclusion  ir>  this  "in- 
siderition  of  atypical  anthrax  »ii;  »lns  the  overlapping  .r*. a  are  n.  t  *r~Hy 
extended. 

if  w«  now  ask  ourselves  in  sumlng  up,  Witch  properties  Are  positively 
uellnsatod  by  *11  43  aporefonwu  j  In  relation  to  typic*1  as  well  as  wtyploal 
antnrax  baoliiL,  then  only  two  are  left,  in  Whlcn  no  overlapping  c*n  hu  * s- 
certainsd, 

1.  flie  peculiar  ,  growth  of  t  »s  antnrax  bacillus  in  gelatin  ("reversed 
fir  tree*),  which,  Ikj  *«•*»■,  cvr.  be  approxin^  te-1  (!■«««»•  f«ctly)  tay  su*e  types 
of  anthraooi  Is  (brush  siups)(6s*  Footnote  1). 

2,  FomatLon  of  globules  or  strings  of  pearls  unuer  influence  of  penicillin. 

The  fret  tiut  we  oil  not  test  the  pathogenicity  of  the  anthrax-like  strains 

do«a  not  change  tuia  result,  since,  110  uattsr  how  the  teet  would  have  turnau 
out,  tiic  rwiiconiortuty  of  the  anthrax  strains  would  have  led  to  overlaps  in 
this  cabo  alee.  ihu  9a  e  applies  to  sugar  fenaentat-lon  (def,  y.) 

Footnote  li  However,  the  reliability  of  tills  growth  characteristic  suffers  fcjr 
Its  dependiwioy  on  the  composition  of  the  gelstin. 
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In  view  of  the  foregoing,  the  string  of  pearl*  te*t  is  absolute)  y  specific 
Knwi  applied  to  the  etraJLiwsiterisl  tested  by  us,  sines  it  Identifies  ©very 
rntlirax  strain  uixaietakably,  *ud  besides  allows  a  positive  differentiation  of 
acre  or  lees  anthrax-lik*  strains. 

Yet  w®  are  quite  aware  of  the  fact  that  a  final  decision  on  the  specifici¬ 
ty  and  practical  efficiency  of  the  netbod  described  oust  be  won  by  means  of 
such  Bore  copious  laaturlal*  Thsrefarm  wa  would  like  to  encourage  ite  practice 
and  testing  not  only  on  laboratory  strains,  but  above  all  also  in  .u  Jas  where 
anthrax  is  lees  rare  as  a  disease  in  man  or  anlaals.  We  were  able  to  experience, 
on  ilm  occasion  of  a  Laboratory  infection,  that  in  principle  thin  method  can 
also  be  applied  to  practice*  kith  the  help  of  our  isetnod  the  infection  waa 
recognised  wltliin  a  few  hours,  at  a  tin  when  the  local  findings  (cheek  pust-uae) 
did  not  as  yet  give  cause  to  «uyr  IdLnd  of  speeifio  suspicion.  In  thia  cass  om 
early  diagjuofcis  by  ue-uxs  of  the  string  of  pwcrlu  teat  ms  cuiifimssd  ’ey  a  latex', 
thorough  tact aric  Logic  examination  as  well  as  by  the  clinical  development 
(*»**  fig*  4.) 
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fcxpt'-ii^tion  of  Plates 

Fig.  Ii5.  anthi'-icis,  strain  f,;50.  a)  0.05  I.d.  Pontci Llin/ccia.  b)  0.5  I.»» 
penleiliin/cera.  c)  Jrowth  control. 

rig,  Bublilis,  strain  //5.  a)  O.Op  I.h.  ponicillin/caft.  b)  0.5  X ►  Lb . 
paniciliin/ccu. 

Fijj.  3«B.  uasoLiboricus,  strain  ,/15*.  a)  0.05  1.4*  penloillin/ocis,  b)  0.5  X.B« 
penioillin/cras. 

Fig.  4:  Ues  text. 
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